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Trade Study

Using Arnold Lightweight Mirror Modeler tool, evaluate candidate
primary mirror substrate and assembly de3|gns

Assembly is Substrate, Support Structure & Interface Geometry

Evaluation Criteria

Mass This Study
Thickness (volume) This Study
First Mode Frequency (stiffness) This Study
1.5 G Internal Stress Future Study
Dynamic Launch Loads Future Study
Thermal Deformation Future Study
Thermal Time Constant Future Study

This presentation is reporting on Substrate Trade Study only



Current Mirror Substrate Trade Study

Evaluated four mirror architectures:
4 meter solid
4 meter lightweight closed back
8 meter solid
8 meter lightweight closed back
Maximize First Mode Freqguency as a function of:
Depth
Face sheet Thickness
Rib Thickness
Radius of Curvature
Constraints: 4 m monolithic 8 m monolithic
Mass <720 kg < 10,000 kg
Thickness <500 mm <500 mm



Future Mirror Substrate Trade Study

We plan to expand the study to include:
Open Back Substrates

And study Performance Criteria as a function of:
Depth
Face sheet Thickness
Rib Thickness
Radius of Curvature
Material Choice
Material Property Variation
Mount Interface (3, 6, 9 point)
Backing Structure Design



Design Process

Defining dimensions on left & check boxes for design elements

Outer Dia 4 Supports
i | DISPLAY GRID |
Inner Dia 0.8 ) Bach Segment
@ Whole Mimor ’ DISPLAY MODEL ]
Cell Width 0.22
Lip Inner 0.03 Show Whole Grid ’ WRITE MODEL ]
Segment Lip 0.03 [] Show Supports ’ SAVE ] [ —— l
Mirmmor Lip 0.03 [7] Show Fillets
’ MERGE NODES ]
Num Rings 2 Boule Mapping
Somt Span 15 Grid Options | Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads | Modal (PSD) |
Somt Gap 0.075 [7] Outer Samt Lip [7] Ilsogrid Front = Cell Level 0
Merge Tol 0.016 [¥] Outer Mirror Lip Isogrid Back ) Cell Level 1
Inner Mimor Lip [7] Backface Holes @ Cell Level 2
Grid Zoom 1 ] Gircul B
ar Segment Core jection
Segment Shown 1 Proj
Circular Mimor [ include Fillets
Srink Factor 0.05
[¥] Seal Ring Outer [7] Off Center Pattem
Seal Ring Inner [7] Mo Backsheet
Seal Ring Mimor Central Hole
Status Finished Loading Archive File




Design Process

Specify “reals” or real constants used by Ansys

! Arnold Lightweight Mirror Modeler (Ver 2.0.0.1) [2=]
Outer Dia 4 Supports [ DISPLAY GRID l
Inner Dia 0.8 Each Segment

& Whole Mirror | DISPLAYMODEL |

Cell Width 0.22
e o Show Whole G | WRTEMODEL |
Segment Lip  0.03 [F] Show Suppors [ SAVE ] l RESTORE ]
Mirror Lip 0.03 [7] Show Fillets ’ MERGE NODES ]
Num Rings 2 Boule Mapping

Grid Options | Optical| Reals | Core | Hexapod | Axial | Radial | Inertial Loads | Modal (PSD) |
Sgmt Span 1.5

r. 1 0.0025 Front Facesheet Show
Somt Gap 0.075 .

r.2 00025 Back Facesheet Show Mirror Material
Merge Tol 0.016 @ ULE

r.3 0002 Front IsoGrid Web Show _
Grid Zoom 1 ) Zerodur

r.4 0.005 Outer Seal Ring Show 1 EB
Segment Shown 1

r.5 0.005 Inner Seal Ring Show ) Fused Silica
Srink Factor 0.05 )

r.6 0.002 Core Web Show ) BK7

) Silicon Carbide

r.7 0.002 Back lsoGrid Web Show

r.8 0.01 Font Quter Seg Lip Show

r.9 0.01 Back Outer Seg Lip Show
Archive Loaded ArchiveFile midus 13 Status Finished Loading Archive File




Design Process

Core Specification has its own tab.
Core depth is total core thickness divided by number layers.
Front & back depths include facesheet thickness & pocket depth.

o Arnold Lightweight Mirror Modeler (Ver 2.0) ==
Outer Dia 4 Supports
| DISPLAY GRID |
Inner Dia 0.8 Each Segment
& Whole Mirror | DISPLAY MODEL |
Cell Width 0.22
Lip Inner 0.03 7| Show Whole Grid | WRITE MODEL |
gmert Lip  0.03 Show Supports | SAVE | | RESTORE |
Mirror Lip 0.03 Show Fillets
| MERGE NODES |
Num Rings 2 Boule Mapping
Somt S 15 Grid Options | Optical | Reals | Core | Hexapod | Axial | Radial | Inertial Loads | Madal (PSD)
Somt Gap 0.075 Front Depth 0.0175
Merge Tol 0.016 Core Depth 0.375
Back Depth 0.0175
Grid Zoom 1
Segment Shown 1 Total Depth 0.41
Srink Factor 0.05 Core Layers 3
CoreWeb Fillet Radius 0.005

l=oGrid Fillet Radius 0.005




Grid View

Grid view shows internal core segments, lips, cells, and isogrid

4 meter Design 8 meter Design




ANSYS performs Modal Analysis

AN AN
NODAI, SOLUTION 3 2012 NODAI, SOLUTION UL 13 2012
1:26 STEP=1 14:11:26
SUB =1
FREQ=114.956
USUM (AVG)
RSYS=0 G
DMY =
SMY =
- — —— — ——
4] L018833 037665 L 056498 0758331 L016833 037665 056498 075331
009418 02249 L 047082 LO06E91E 084747 009418 028249 L 047082 LO06E91E 084747
AN AN
NODAI, SOLUTION UL, 13 2012 NODAI, SOLUTION UL, 13 2012
STEP=1 14:11:26 STEP=1 14:11:26
SUB =1 SUB =1
FREQ=114.956 FREQ=114.956
USUM (AVG) USUM
RSYS= RSYS=0
DMY = DMX =.0847 SET  TIME/FREQ
SMY = SMY =.084 1 124.4%
2 124.77
3 199,39
4 257.85
5 275.81%8
B 321.22
7 321.60
O_.018833 ﬁt% L 056498 0758331 L016833 %65 056498 B 330.07
009418 Lo2a249 047082 LO08eE91E 084747 009418 L02a249 L 047082 L. 0BE 9 35008
ModelFile3 10 350.33




Trade Study Concept #1: 4 m Solid

Design:

: AN AN
Dlameter 4 meters NODAL SOLUTION 2012 NODAL SOLUTION JUL 19 2012
- STEP=1 21:12 STEP=1 15:21:12
SUB =1 5UB =1
ThICkneSS 22 mm FREQ=8._ FREQ=8.20562
TS0 {AVG)
R3Y¥5=
Mass 595 kg REYS
SMX =.095648
First Mode 8.2 Hz a
L ] I B |
0 021255 .04251 063765 08502 0 021255 .04251 063765 .08502
010628 .031883  .053138  .074393 095548 010638 031863  .053138  .074393 .095648
NODAL SOLUTION JUL 19 2012 NODAL SOLUTION JUL 19 2012
STEP=1 15:21:12 STEP=1 15:21:12
SUB =1 SUB =1
SET TIMEEFREQ FREQ=8.20562 FREQ=8.20562
1 R.2055 UsSUM (AVG) UsUM (AV
RESYS3=0 R3Y3=0
2 B.20bp OMY = { DMX =.095
3 19 ?E‘ﬂ SM¥ =.095648 SMX =.095
M
d 19,728
5 o34.433
B a3d.433
'_In' 52 1 E“ﬂ o—.021255 %1 063765 M2 o—.021255 %1 063765, 08502
- L010638 7 7031863 .053138  .074393 095548 J010838° 031883 053148 .074393 095648
B 52 . 1 E“ﬂ ModelFile
9  F2.825
10 F2.825




Trade Study Concept #2: 4 meter Lightweight

AN AN

1 - HODAL SOLUTION HODAL SOLUTION
[:)EBE;' N JUL, 26 2012 JOL_26 2012
. STEP=1 _ _ 09:41:57 STEP=1 09:41:57

SUB =1
FREQ=124. 483
UsSoM [BVG)
RSYS=0
DM¥ =.088533
SM¥ = (e

Diameter 4 meters
Thickness 410 mm
Facesheet 3 mm

Mass 621 kg T
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48533
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Trade Study Concept #3. 8 meter Solid 22 MT

Design:
Diameter
Thickness
Mass
First Mode

Same as ATLAST Study

8 meter
200 mm
21,800 kg
18 Hz

AN
NODAL SOLUTION JUL 26 2012
09:59:14

NODAL SOLUTION

AN

JUL 26 2012
09:59:14

STEP=1

SUB =1
FREQ=18.0256
UsuM (AVG)
R3Y3=0

SMX =.

ME

o
£
—

d2
2

Ta

N o B g Y S PR Y A

| —

TIME/FREQ
18.
18.
L4459
452
a7 .
7d.
7d.
Th.

026
035

ge v
0d1
0d5
174
176

112 .96

I _ | .
0 .003398 .006796 . 010124 . 013593 0 . 003398 .006796 . 010194 . 0135393
L 001699 . 005097 .008495 .011893 . 015292 L 001699 . 005097 L 008495 L0118935 . 015292
AN AN
NODAL SOLUTION JUL 26 2012 NODAL SOLUTION JUL 26 2012
STEP=1 09:59:14 STEP=1 09:59:14
SUB =1 SUB =1
FREQ=18.0256 FREQ=18.0256
usuM [AVG) usuM (AVG)
R3Y35=0 ke R3YS5=0
SME =. SMX =.015
MN
_ _— | I
L003398 .006796 .010194 L 013593 0 L003398 .006796 . 010194 L 013593
. 001899 . 005097 .008495 . 011893 . 015292 . 001899 . 005097 . 008495 .011893 .015292

ModelFile 8m scolid




Trade Study Concept #4:. 8 meter Lightweight

Design:
Diameter
Thickness
Facesheet
Mass
First Mode

8 meter
510 mm
7 mm
3,640 kg
48.4 Hz

AN AN
NODAL SOLUTICN JUL 25 2012 NODAL SOLUTION JUL 25 2012
WS 146 STEP=1 15:05:46
SUB =1
FREQ=48.3576
UsuM (BVG)
REY3=0
DMH = g
SMN =
SME =
| |
.105E-18 .008136 016273 024409 , 0325 J10BE-18 ,008136 016273 . 024409 L 032546
004068 L012205 020341 . 028478 036614 . 004068 012205 .020341 . 028478 056614
AN AN
NODAL SOLUTICHN JUL 25 2012 NODAL SOLUTION JUL 25 2012
STEP=1 15:05:46 STEP=1 15:05:46
SUEB =1 SUB =1
FREQ=48.3576 FREQ=48.3576
USUM (BVG) USUM (BVG)
REYE=0 REY3=0 iy
DMH = 4§ DM¥ =.036614
SMN = SMIN =.105%
SMX = SMX =.034
.105E-18 . 008136 016273 024409 L 032546 J105E-18 ,008136 016273 . 024409 L 032546
004068 L012205 0 .020341 028478 036614 004068 012208 .D20341 028478 056614

ModelFile




Parameter Trade Studies

4 meter



Symmetric vs. Offset

For a 4 meter, 310 mm thick mirror substrate, there is no
observable difference between symmetric and off-set

Symmetric (103 Hz) Offset (103 Hz)

ST
e m
o
w ] oun
S
+f=
St
AN AN
NODAL SOLUTION JUL 26 2012 NODAL SOLUTION JUL 26 2012 NODAL SOLUTION NODAL SOLUTION JUL 26 2012
ge : 48:05 STEF=1 08:48:05 STER=1 09:01:55
SUB =1 SUB =1
FREC=102.742 FREQ=103.353
USUM (AVG) UsuM (AVG)
RSYS=0, S
DMX = K'
SMX = “'m
000347 002108 801098 T hraa s 0 h0sel  © 0034 001048 T he1688 %% 002218 05 P 0096" ™™ 0neesl” ™ Vhasotf® hera6f ShRa0al  © Lo096" ™. 0neesl” ™ Vhasotf® " heraed’ ShRaoa
NODAL SOLUTION JUL 26 2012 NODAL SOLUTION JUL 26 2012 NODAL SOLUTION JUL 26 2012 NODAL SOLUTION JUL 26 2012
STEP=1 08:48:05 STEP=1 08:48:05 STEP=1 09:01:55 STEP=1 09:01:55
SUB =1 SUB =1 sUB sUB =1
FREQ=102.742 FREQ=102.742 FREQ=103.353 FREQ=103.353
UsuM (AVG) UsuM (AVG) usuM (AVG) usuM (AVG)
RSYS=0__Ji RSYS=0 RSYS=0 RSYS=
DMX DMX 0930 DMX DMX =.
SME SME =.023 SMX SMX =
02068 041353 062039 18 ) 02068 041359 062039 2 038401 057601 76802 [ 0132 40, s
01034 To310i3 051695 .072379 . 093058 01034 To310ds 051693 L0096" 026801 046001 067202 096402 00967 .026801° 048001
ModelFile 4m symmetric ModelFile 4 m unsymmetric




4 meter Stiffness & Mass vs Core Height

As expected, Core Depth has the greatest impact on stiffness; the
deeper the Core the Stiffer and more Massive the Substrate.

Stiffness vs. Core Height
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100 (
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90 400
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- 600
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4 m Stiffness & Mass vs Facesheet Thickness

Increasing Facesheet thickness increases stiffness only to a point,
then the stiffness deceases with additional thickness.

Stiffness vs Facesheet Thickness
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110 400
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4 m Stiffness & Mass vs Internal Core Thickness

Increasing thickness of internal Core Elements results in minor
stiffness increase.

Stiffness vs Lip thickness
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4 m Stiffness & Mass vs Radius of Curvature

At 4 meter, Radius of Curvature has insignificant effect on
Stiffness and Mass

Frequency (Hz)
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=
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Stiffness vs. Raidus of Curvature 4m
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Parametric Trade Studies

8 meter



Symmetric vs. Offset

For a 8 meter, 500 mm thick mirror substrate, there is only minor
differences between symmetric and off-set

Symmetric (48.3 Hz)

Offset (47.9 Hz)

AN AN AN AN
NODAL SOLUTION JUL 25 2012 NODAL SOLUTION JUL 25 2012 NODAL SOLUTION JUL 26 2012 NODAL SOLUTION JUL 26 2012
L5 46 STEP=1 15:05:46 ' 37:46 STEP=1 08:37:46
SUB =1 SUB =1
FREQ=48.3576 FREQ=47.8642
UsuM (AVG) UsuM (AVG)
RSY3=0 RSYS
DMX DMX
SMN SMIN
SMX SMX
— —
105E-18 008136 016273 024409 032546 L105E-18 008136 . 016273 024409 032546 .146E-16 00609 016181 024271 .032362 146E-18 00809 016181 024271 032362
004068 1 012205° 7.020341° ", 026478 036614 004068 7012205 7.020341° " . 028478 036614 .004045  C012136 020226 .028316 036407 .004045 1012136 020226 . 026316 036407

NODAL SOLUTION

STEP=1

SUB =1
FREQ=48.3576
(RAVG)

JUL 25 201z
15:05:46

UsuM

R3YS=0
DMX
SMN =
SMXE

_—
.105E-18 .008136 016273 024409 032846
004068 1012208 0203417 028478 " 035614

ModelFile

NODAL SOLUTION

STEP=1
SUB =1
FREQ=48.3576
UsUM

R3Y3=0
DMX
SMIN =.
SMX =.

JUL 25 2012
15:05:46

_—
1932548

L105E-18
L0040 .028478 036614

L008138 L 016273
68

;024402
. 012208

. 020341

NODAL SOLUTION JUL 26 2012

08:37:46

STEP=1

SUB =1
FREQ=47.8642
(BVG)

UsSUM
RSYS=0
DMX
SMN =
SME =.

_—
024271 032382

. 016181 (&)
.020226 .028316 .036407

.146E-18 . 00809
.0 .012136

04045
ModelFile

NODAL SOLUTION

STEP=1
SUB =1
FREQ=47.8642
USUM (BVE)
RSYS=0

DMX =.0364(,
SMN =.
SMY =.

JUL 26 2012
08:37:46

L016181 . 02427

2362
.012136 L020226

L14BE-18 . 00809 1 ;03
. .028316 .03

004045

6407




8 m Stiffness & Mass vs Facesheet Thickness

Increasing Facesheet thickness increases stiffness only to a point.

Stiffness vs. Facesheet
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8 m Stiffness & Mass vs Radius of Curvature

At 8 meter, Radius of Curvature has an insignificant effect on
Stiffness and Mass — plot is misleading mass change is 6 kg.

Stiffness vs. Radius
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Conclusion

We have used the Arnold Lightweight Mirror Modeler tool to
generate 4 point designs and several parameter trade studies.

These trade studies allow one manipulate design architectural
elements to maximize mirror stiffness for mass constraint.

Tool allows one to generate a complete model and analysis in less
than 60 minutes



Results Summary

4m Trade Study
Architecture Solid Closed Back Closed Back Closed Back Closed Back Closed Back Closed Back Optimized

Mass 595 Kg 512 Kg 590 Kg 604 Kg 632 Kg 660 Kg 700Kg 621 Kg
First Mode

Frequency 8.2 Hz 101.4 Hz 115.0Hz 117.5Hz 120.9 Hz 122.9 Hz 136.3 Hz 124.5 Hz
Core Depth N/A 30mm 40mm 40mm 40mm 40mm 50mm 40mm
Facesheet

Thickness 22mm  2.5mm 2.5mm 3mm 4 mm 5mm 2.5mm 3mm

8m Trade Study
Architecture Solid Closed Back Closed Back Closed Back Optimized

Mass 21801 Kg 3091 Kg 3305 Kg 3574 Kg 3637 Kg
First Mode

Frequency 18.0Hz 39.3Hz 42.3 Hz 44.3 Hz 48.4 Hz
Core Depth  N/A 50 mm 50 mm 50 mm 50 mm

Facesheet

Thickness 200mm 3 mm 5mm 7.5 mm 7mm




